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ABSTRACT
Objective: This study aimed to examine the
association of eczema, asthma and hay fever with
mental health in a general child population and to
assess the influence of parental socioeconomic
position on these associations.
Methods: We conducted a cross-sectional health
survey of children aged 3, 6, 11 and 15 years in the
City of Copenhagen, Denmark. Individual questionnaire
data on eczema, asthma, and hay fever and mental
health problems assessed using the Strengths and
Difficulties Questionnaire (SDQ) was linked to register
data on demographics and parental socioeconomic
position. 9215 (47.9%) children were included in the
analyses.
Results: Linear regression analyses showed that
children with current eczema symptoms had higher
SDQ scores (mean difference, 95% CI) of emotional
problems (0.26, 0.12 to 0.39), conduct problems
(0.19, 0.09 to 0.29) and hyperactivity problems (0.32,
0.16 to 0.48); children with current asthma symptoms
had higher SDQ scores of emotional problems (0.45,
0.32 to 0.58), conduct problems (0.28, 0.18 to 0.38)
and hyperactivity problems (0.52, 0.35 to 0.69); and
children with current hay fever symptoms had higher
SDQ scores of emotional problems (0.57, 0.42 to
0.72), conduct problems (0.22, 0.11 to 0.33),
hyperactivity problems (0.44, 0.26 to 0.61) and peer
problems (0.14, 0.01 to 0.26), compared with children
without current symptoms of the relevant disease. For
most associations, parental socioeconomic position did
not modify the effect.
Conclusions: Children with eczema, asthma or hay
fever had more emotional, conduct and hyperactivity
problems, but not peer problems, compared with
children without these diseases. Atopic diseases added
equally to the burden of mental health problems
independent of socioeconomic position.
INTRODUCTION
Children with eczema (atopic dermatitis),
asthma or hay fever may experience physical,
psychological and social impairment1 2 and
atopic diseases are associated with a great
health-related quality of life burden.3 It is,
however, less clear if childhood atopic dis-
eases are related to mental health problems.
For asthma, an association with internalis-
ing problems (ie, anxiety and depressive
symptoms) has been shown,4 5 whereas evi-
dence of a relation with externalising pro-
blems (ie, oppositional and hyperactive
symptoms) is less clear.5 6 In a meta-analysis
of 26 observational studies, McQuaid found
increases in internalising and externalising
problems for children with asthma compared
with children without asthma.5
For children with eczema, a single study
found increased likelihood of both emo-
tional problems and conduct problems com-
pared with children without eczema.7 Two
small studies found no association between
hay fever and mental health problems.8 9
More speciﬁc information is needed regard-
ing the types of mental health problems asso-
ciated with atopic diseases in children,
especially concerning eczema and hay fever.
Socioeconomic position (SEP) has been
suggested as the underlying factor explaining
the association between atopic diseases and
mental health problems,5 but, due to limited
demographic information in most studies,
this hypothesis has scarcely been explored.
Moreover, to the best of our knowledge, no
studies have addressed the issue of
Strengths and limitations of this study
▪ The study population was large, comprising
9215 children.
▪ We used validated questionnaires to measure
atopic diseases and mental health problems.
▪ Full information on socioeconomic position was
available from reliable national registers.
▪ The cross-sectional design prevents us from
determining causality.
▪ A risk of non-response bias remains, despite
weighing for non-response, as the response rate
was 47.9%.
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socioeconomic disparities in the mental health conse-
quences of atopic diseases among children.
This study aimed to examine the association of
eczema, asthma and hay fever with mental health in a
general child population and to assess if these associa-
tions were modiﬁed by parental SEP.
METHODS
Study population and design
This study was based on a cross-sectional child health
survey, conducted in the City of Copenhagen in the
autumn of 2009, which is described elsewhere.10 The
primary carers of all children born in 1994, 1998, 2003
or 2006, that is, children aged 15, 11, 6 or 3 years, resi-
dent in the City of Copenhagen in September 2009,
received a questionnaire concerning health, lifestyle,
symptoms and diseases. They were asked to respond for
children aged 3 or 6 years, whereas children aged 11 or
15 years were asked to respond themselves. The parents
gave informed consent for participation in research pro-
jects when returning the questionnaires.
Questionnaire data were linked to data from national
registers on demographics, education and income for
both parents and their present partners. These data
were provided by Statistics Denmark using the unique
personal identiﬁcation number, the central person regis-
ter (CPR)-number.11 The association between atopic dis-
eases and the covariables has been published
elsewhere.10
In total, 9720 of the 19 241 invited children responded
(50.5%). Children aged 15 years had the lowest response
rate (42.4%) followed by children aged 11 years
(50.9%), 6 years (51.0%) and 3 years (55.2%). Of the
respondents, 9215 had information on at least one
atopic disease and one mental health problem and were
included in this study. Missing values among the 9215
children ranged from 0 to 276 for each variable, highest
for measures of atopic diseases ever, and lowest for
current atopic symptoms. There were no missing values
for the SEP measures.
Mental health problems
Mental health problems were measured by the Strengths
and Difﬁculties Questionnaire (SDQ). The SDQ consists
of 25 items with three response options: not true, some-
what true or certainly true. The items can be grouped
into ﬁve subscales of ﬁve items each: emotional pro-
blems, conduct problems, hyperactivity problems, peer
problems and prosocial behaviour.12 We used the four
problem subscales to deﬁne mental health problems.
The subscales are each scored according to the manual
(http://www.sdqinfo.com/) obtaining continuous scores
from 0 to 10, with higher scores indicating greater pro-
blems and increased odds of mental disorder for each
one-point increase on the scale.13 In addition, cut-off
scores for each subscale have been established in several
countries, categorising the 80% of a child population
with the lowest scores as ‘normal’, the next 10% as ‘bor-
derline’ and the 10% with the highest scores as ‘clinical’
or ‘abnormal’. The borderline cut-off scores are recom-
mended when high sensitivity is desired, and the abnor-
mal cut-off scores are recommended when high
speciﬁcity is desired.12 We used the Danish abnormal
cut-off scores to create dichotomous measures of mental
health problems.14
Eczema, asthma and hay fever
Questions on atopic diseases were adapted from the
International Study of Asthma and Allergies in
Childhood (ISAAC).15 Measures of eczema, asthma and
hay fever were discerned as ‘known disease ever’ and
‘current symptoms’. Known disease ever was deﬁned for
each disease as ‘Yes’ to the question: ‘Have you (your
child) ever had…(childhood eczema/asthma/hay
fever)?’; current asthma symptoms as ‘Yes’ to: ‘Have you
(has your child) had wheezing or whistling in the chest
in the past 12 months?’; and current hay fever symptoms
as ‘Yes’ to: ‘In the past 12 months, have you (has your
child) had a problem with sneezing or a runny or
blocked nose when you (he/she) did not have a cold or
the ﬂu?’. We deﬁned current eczema symptoms accord-
ing to the UK Working Party’s Diagnostic Criteria16 as
‘Yes’ to both questions: ‘Have you (has your child) ever
had an itchy rash which was coming and going for at
least 6 months?’ And ‘Have you (has your child) had this
itchy rash at any time in the last 12 months?’ and at least
two of the following: (1) location at the folds of the
elbows, behind the knees, in front of the ankles, under
the buttocks, or around the neck, ears or eyes; (2) onset
before the age of 2 years; (3) a tendency of dry skin and
(4) a personal history of atopic disease.
Socioeconomic factors
The socioeconomic measures were derived from register
data. The primary carer was deﬁned as the mother,
except when the father has full custody of the child.
The primary carer’s highest attained education as of
October 2009 was divided into four categories: (a)
primary/secondary school, including lower secondary
school and general upper secondary education; (b)
vocational education and training; (c) academy or
bachelor’s degree and (d) master’s or PhD degree.
Income was calculated as the total household in-
come minus taxes and interest expenses, divided by
the Organisation for Economic Co-operation and
Development (OECD) equivalent size of the household
with a weight of 1.0 to the ﬁrst adult, 0.5 to any other
person aged 14+ years, and 0.3 to each child <14 years.
The study households were divided into four in-
come quartiles, corresponding to around: (a) <€21 800;
(b) €21 800–€27 500; (c) >€27 500–€35 000 and
(d) >€35 000/year.
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Statistical analyses
Raw mean values were given for each SDQ subscale in
total and for subgroups of children. The associations
between atopic disease as exposure and continuous
scores of mental health problems as outcomes were ana-
lysed by linear regression analyses using maximum likeli-
hood estimation, adjusted for gender, age and the
primary carer’s educational level. Additional adjustments
for household income along with the other potential
confounders were made in separate analyses.
Effect measure modiﬁcation between parental SEP
and atopic disease was assessed for all SDQ scales by
entering an interaction term in the model statement of
each regression analysis and testing this term with a
maximum likelihood test. Joint effect measures were esti-
mated and presented for associations with a p value
<0.05.
The associations between atopic disease and abnormal
SDQ scores of mental health problems were analysed by
logistic regression analyses, again using maximum likeli-
hood estimation and adjusting for gender, age and
primary carer’s educational level. Additional adjustments
for household income were made in separate analyses.
Since complete case analyses were performed, the
number of participants included in the analyses may
differ.
Responders were more often female, younger and
primary carers had longer educations compared with
non-responders (data not shown). Data were weighted
for non-response with weights computed by Statistics
Denmark. Weights were based on register information
concerning age, gender, ethnicity, health service use,
type of residence, household income, parental educa-
tional level and parental civil status.17 All analyses were
performed using the survey procedures of SAS statistical
software (V.9.3, SAS Institute, Cary, North Carolina,
USA).
RESULTS
Characteristics of the children
Girls had slightly higher scores of emotional problems
than boys, whereas boys had higher scores of hyperactiv-
ity problems than girls (table 1). The score of emotional
problems increased with increasing age, whereas chil-
dren aged 15 or 3 years had higher scores of conduct
problems, hyperactivity problems and peer problems
than children aged 6 or 11 years. All problem scores
increased with decreasing educational level of the
primary carer and with decreasing household income.
Atopic disease symptoms and mental health
Children with any known atopic disease ever or current
symptoms had slightly higher scores of emotional,
conduct and hyperactivity problems than children
without (table 1). The scores were highest among chil-
dren with more than one disease or symptom group.
When adjusting for gender, age and the primary
carer’s educational level, we also found higher levels of
emotional problems, hyperactivity problems and slightly
higher levels of conduct problems among children with
current symptoms of atopic disease compared with chil-
dren without current symptoms of the relevant atopic
condition (table 2). Peer problems, however, were only
associated with current hay fever symptoms. Analyses of
the known disease ever measures gave similar results,
however, though less pronounced; adjusting for house-
hold income did not change the results (not shown).
We found socioeconomic disparities in mental health
problems. Children with lower compared with higher
educated primary carers experienced more mental
health problems of all four types, regardless of symp-
toms of atopic disease, however, with a few exceptions.
The association of current asthma symptoms with hyper-
activity problems was stronger among children with low
compared with highly educated primary carers (table 3).
Among children of primary carers with primary or sec-
ondary school education, current asthma symptoms
increased the hyperactivity problem score by almost 1
scale point (from 0.47 (95% CI 0.33 to 0.62) to 1.34
(95% CI 0.94 to 1.74)). Among children of primary
carers with a master’s or PhD degree, this difference was
only 0.27 (95% CI 0.01 to 0.53).
However, known eczema ever only increased the level
of conduct problems among children with highly edu-
cated primary carers, whereas no association was found
among children of primary carers with low education
(table 3).
There was no other signiﬁcant interaction between
atopic disease and parental SEP for any SDQ scales
(data not shown).
Atopic disease symptoms and abnormal scores of mental
health
We found increased likelihood of abnormal scores of
hyperactivity problems among children with any of the
atopic symptoms compared with children without atopic
symptoms, highest among children with asthma symp-
toms or symptoms of two or more diseases (table 4).
Asthma and hay fever symptoms also increased the likeli-
hood of abnormal scores of emotional problems. No
association was found between any atopic disease and
abnormal scores of peer problems. Children with
primary carers with lower compared with higher educa-
tional level had substantially increased likelihood of
abnormal scores of all four problem scales, regardless of
symptoms of atopic disease (table 4).
DISCUSSION
We found that children with symptoms of eczema,
asthma or hay fever, regardless of gender, age group and
parental SEP, were more likely to have emotional,
conduct and hyperactivity problems, compared with chil-
dren without the atopic disease. The levels and risks
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Table 1 Characteristics of the children in relation to SDQ scores of mental health problems
Emotional problems Conduct problems Hyperactivity problems Peer problems
N
Total
Mean score
(SD)
Abnormal score
N (%)
Mean score
(SD)
Abnormal score
N (%)
Mean score
(SD)
Abnormal score
N (%)
Mean score
(SD)
Abnormal score
N (%)
Total 9215 1.57 (1.74) 683 (7.4) 1.37 (1.26) 555 (6.0) 2.68 (2.12) 937 (10.2) 1.09 (1.52) 771 (8.4)
Gender
Female 4655 1.77 (1.84) 424 (9.1) 1.33 (1.20) 228 (4.9) 2.45 (2.00) 382 (8.2) 1.02 (1.45) 335 (7.2)
Male 4560 1.38 (1.62) 259 (5.7) 1.42 (1.31) 327 (7.2) 2.91 (2.20) 555 (12.2) 1.17 (1.59) 436 (9.6)
Age, years
3 3292 1.13 (1.38) 94 (2.9) 1.41 (1.17) 163 (5.0) 2.76 (1.92) 295 (9.0) 0.93 (1.46) 246 (7.5)
6 2378 1.53 (1.73) 172 (7.2) 1.18 (1.22) 112 (4.7) 2.36 (2.16) 198 (8.3) 0.89 (1.51) 185 (7.8)
11 1949 1.81 (1.85) 180 (9.2) 1.37 (1.35) 143 (7.3) 2.54 (2.16) 197 (10.1) 1.35 (1.56) 196 (10.1)
15 1596 2.27 (2.01) 237 (14.8) 1.58 (1.34) 137 (8.6) 3.14 (2.27) 247 (15.5) 1.39 (1.52) 144 (9.0)
Primary carer’s education
Master 2540 1.32 (1.53) 113 (4.4) 1.22 (1.13) 101 (4.0) 2.38 (1.94) 177 (7.0) 0.76 (1.28) 119 (4.7)
Bachelor 3106 1.54 (1.73) 225 (7.2) 1.32 (1.20) 161 (5.2) 2.59 (2.07) 283 (9.1) 0.90 (1.32) 166 (5.3)
Vocational 1725 1.76 (1.84) 161 (9.3) 1.45 (1.34) 124 (7.2) 2.99 (2.23) 237 (13.7) 1.33 (1.63) 183 (10.6)
School 1844 1.80 (1.89) 184 (10.0) 1.59 (1.40) 169 (9.2) 2.95 (2.24) 240 (13.0) 1.65 (1.83) 303 (16.4)
Household income
Upper quartile 2356 1.38 (1.61) 135 (5.7) 1.23 (1.14) 88 (3.7) 2.47 (2.06) 200 (8.5) 0.81 (1.27) 106 (4.5)
Upper middle quartile 2368 1.47 (1.69) 151 (6.4) 1.28 (1.19) 127 (5.4) 2.54 (1.99) 199 (8.4) 0.82 (1.28) 112 (4.7)
Lower middle quartile 2306 1.67 (1.77) 186 (8.1) 1.45 (1.28) 149 (6.5) 2.84 (2.18) 264 (11.4) 1.10 (1.49) 187 (8.1)
Lower quartile 2184 1.79 (1.88) 211 (9.7) 1.55 (1.41) 191 (8.7) 2.89 (2.22) 274 (12.5) 1.70 (1.85) 366 (16.8)
Eczema
Known disease ever 1538 1.75 (1.84) 140 (9.1) 1.40 (1.24) 91 (5.9) 2.82 (2.15) 181 (11.8) 1.02 (1.48) 118 (7.7)
Current symptoms 886 1.76 (1.84) 77 (8.7) 1.52 (1.29) 60 (6.8) 2.88 (2.09) 103 (11.6) 1.02 (1.50) 74 (8.4)
Asthma
Known disease ever 649 2.05 (1.98) 84 (12.9) 1.52 (1.34) 50 (7.7) 3.04 (2.34) 98 (15.1) 1.30 (1.58) 66 (10.2)
Current symptoms 1079 1.88 (1.92) 116 (10.8) 1.61 (1.33) 96 (8.9) 3.17 (2.25) 167 (15.5) 1.12 (1.50) 90 (8.3)
Hay fever
Known disease ever 796 2.11 (1.96) 101 (12.7) 1.54 (1.38) 70 (8.8) 2.85 (2.21) 101 (12.7) 1.31 (1.61) 90 (11.3)
Current symptoms* 1000 2.42 (2.02) 155 (15.5) 1.58 (1.35) 81 (8.1) 3.08 (2.23) 145 (14.5) 1.44 (1.56) 107 (10.7)
Known atopic disease ever
None 6591 1.46 (1.68) 426 (6.5) 1.33 (1.23) 362 (5.5) 2.60 (2.08) 609 (9.2) 1.07 (1.51) 526 (8.0)
1 1831 1.78 (1.83) 155 (8.5) 1.46 (1.32) 133 (7.3) 2.86 (2.16) 221 (12.1) 1.14 (1.55) 171 (9.3)
2 or more 438 2.17 (2.03) 68 (15.5) 1.44 (1.25) 29 (6.6) 2.85 (2.26) 58 (13.2) 1.18 (1.54) 41 (9.4)
Current symptoms of atopic disease
None 6603 1.42 (1.64) 400 (6.1) 1.30 (1.22) 340 (5.1) 2.55 (2.07) 589 (8.9) 1.05 (1.52) 531 (8.0)
1 1981 1.87 (1.90) 191 (9.6) 1.55 (1.32) 159 (8.0) 2.94 (2.14) 240 (12.1) 1.13 (1.48) 166 (8.4)
2 or more* 452 2.33 (2.03) 72 (15.9) 1.63 (1.34) 37 (8.2) 3.32 (2.32) 82 (18.1) 1.34 (1.62) 48 (10.6)
Abnormal score refers to children with an abnormal SDQ score, defined by the cut-off scores.
*For children aged 3 years, current symptoms of hay fever could not be reported.
N, number of participants; SDQ, Strengths and Difficulties Questionnaire.
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Table 2 Mental health problems among children with eczema, asthma and hay fever compared with children without
Emotional problems (SDQ score)
Conduct problems
(SDQ score)
Hyperactivity problems
(SDQ score)
Peer problems
(SDQ score)
Mean difference (95% CI) p Value Mean difference (95% CI) p Value Mean difference (95% CI) p Value Mean difference (95% CI) p Value
Eczema*
Known disease ever 0.24 (0.13 to 0.35) <0.001 0.05 (−0.03 to 0.13)† 0.242 0.21 (0.08 to 0.34) 0.001 −0.08 (−0.18 to 0.03) 0.153
Current symptoms 0.26 (0.12 to 0.39) <0.001 0.19 (0.09 to 0.29) <0.001 0.32 (0.16 to 0.48) <0.001 −0.06 (−0.18 to 0.06) 0.336
Asthma*
Known disease ever 0.26 (0.09 to 0.44) 0.003 0.09 (−0.04 to 0.22) 0.178 0.30 (0.10 to 0.51) 0.004 0.05 (−0.10 to 0.20) 0.509
Current symptoms 0.45 (0.32 to 0.58) <0.001 0.28 (0.18 to 0.38) <0.001 0.52 (0.35 to 0.69)† <0.001 −0.04 (−0.15 to 0.08) 0.526
Hay fever*
Known disease ever 0.39 (0.22 to 0.56) <0.001 0.15 (0.03 to 0.27) 0.015 0.13 (−0.06 to 0.32) 0.184 0.09 (−0.07 to 0.26) 0.257
Current symptoms‡ 0.57 (0.42 to 0.72) <0.001 0.22 (0.11 to 0.33) <0.001 0.44 (0.26 to 0.61) <0.001 0.14 (0.01 to 0.26) 0.033
Known atopic disease ever* <0.001 0.021 <0.001 0.274
1 vs none 0.29 (0.18 to 0.40) 0.11 (0.03 to 0.19) 0.23 (0.11 to 0.36) 0.06 (−0.04 to 0.16)
2 or more vs none 0.45 (0.24 to 0.67) 0.05 (−0.09 to 0.19) 0.21 (−0.03 to 0.45) −0.09 (−0.29 to 0.10)
Current symptoms of atopic
disease*
<0.001 <0.001 <0.001 0.415
1 vs none 0.38 (0.28 to 0.49) 0.23 (0.16 to 0.31) 0.35 (0.23 to 0.47) −0.03 (−0.12 to 0.06)†
2 or more vs none‡ 0.72 (0.51 to 0.93) 0.36 (0.20 to 0.51) 0.82 (0.57 to 1.08) 0.09 (−0.09 to 0.28)†
Primary carer’s education§ <0.001 <0.001 <0.001 <0.001
Bachelor vs master 0.15 (0.06 to 0.23) 0.11 (0.04 to 0.18) 0.19 (0.08 to 0.30) 0.17 (0.09 to 0.25)
Vocational vs master 0.29 (0.18 to 0.40) 0.24 (0.15 to 0.32) 0.58 (0.44 to 0.72) 0.65 (0.54 to 0.76)
School vs master 0.40 (0.29 to 0.52) 0.40 (0.31 to 0.49) 0.55 (0.41 to 0.69) 1.04 (0.93 to 1.16)
Reference categories: known disease ever versus children without the atopic condition ever; current symptoms versus no current symptoms of the atopic condition. Reference level was 0.
*Analyses adjusted for gender, age and primary carer’s educational level.
†Effect measure modification between the atopic condition and primary carer’s educational level is significant (p<0.05). Joint effect estimates are given in table 3.
‡For children aged 3 years, current symptoms of hay fever could not be reported.
§Analyses adjusted for gender, age and symptoms of atopic diseases.
SDQ, Strengths and Difficulties Questionnaire.
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were highest for children with symptoms of more than
one atopic disease. For most associations, we found no
effect measure modiﬁcation between atopic diseases
and parental SEP. Atopic diseases added equally to the
burden of mental health problems independent of SEP.
Children with low SEP had higher raw SDQ scores, and
thus children experiencing both atopic disease and low
SEP will have the highest SDQ scores. Current asthma
symptoms were associated with higher scores of hyper-
activity problems among children with low compared
with high parental SEP, while known eczema ever was
only associated with conduct problems among children
of primary carers with high but not low educational level.
To the best of our knowledge, this is the ﬁrst investiga-
tion of the effect modiﬁcation of parental SEP on these
associations. Previously, a cross-sectional Polish study of
students aged 18–25 years found greater differences in
quality of life due to allergic diseases in students of low
SEP than in those of high SEP.18
Our study conﬁrms and extends previous research of
atopic disease in association with mental health pro-
blems by addressing hay fever along with eczema and
asthma, and by adjusting for parental SEP in a large
population-based study of children at different
ages.4 6 8 9 19–22
In contrast to our ﬁndings, a Danish report found no
differences in child-reported overall mental well-being
or parent-reported peer problems when comparing chil-
dren aged 6–9 years with and without register informa-
tion on doctor-diagnosed asthma or allergy.23 Two
cross-sectional studies of children aged 5–15 years19 and
14–16 years6 found increased risk of emotional and
hyperactivity problems among children with asthma,
whereas only one of these found an increased risk of
conduct problems,19 and only one found no association
with peer problems.6 These studies were population
based with parent report or self-report of both asthma
and mental health problems using SDQ. One study
adjusted for maternal educational level and household
income and was therefore particularly comparable with
our study.19 Asthma was found to be associated with
increased odds of mood, anxiety and internalising disor-
ders, but not externalising or disruptive disorders in 9–
17-year-olds in the general community, as well as when
adjusting for SEP.24 However, in high-risk service settings
( juvenile justice, child welfare, mental health or sub-
stance treatment, and special education), asthma and
mental health problems were highly prevalent but not
associated.24
An American cross-sectional study in children aged 0–
17 years found a history of eczema to be associated with
increased odds of attention deﬁcit hyperactivity dis-
order, depression, anxiety and conduct disorder com-
pared with children without eczema.25 Another study of
children followed up from birth until the age of
10 years7 found an increased risk of emotional and
conduct problems among children with eczema, and no
association with peer problems. Unlike the American
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Table 4 Abnormal scores of mental health problems among children with eczema, asthma and hay fever compared with children without
Abnormal scores of
emotional problems
Abnormal scores of
conduct problems
Abnormal scores of
hyperactivity problems
Abnormal scores of peer
problems
OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value
Eczema*
Known disease ever 1.45 (1.16−1.80) <0.001 1.01 (0.78 to 1.31) 0.946 1.28 (1.06 to 1.55) 0.012 0.92 (0.73 to 1.16) 0.492
Current symptoms 1.29 (0.98 to 1.71) 0.068 1.18 (0.87 to 1.60) 0.281 1.32 (1.04 to 1.68) 0.023 1.00 (0.76 to 1.33) 0.988
Asthma*
Known disease ever 1.30 (0.98 to 1.72) 0.065 1.04 (0.75 to 1.45) 0.806 1.34 (1.03 to 1.73) 0.026 1.11 (0.82 to 1.49) 0.497
Current symptoms 1.83 (1.44 to 2.33) <0.001 1.73 (1.34 to 2.24) <0.001 1.83 (1.49 to 2.24) <0.001 0.90 (0.69 to 1.18) 0.455
Hay fever*
Known disease ever 1.44 (1.09 to 1.89) 0.010 1.25 (0.93 to 1.69) 0.145 1.15 (0.89 to 1.48) 0.285 1.49 (1.13 to 1.96) 0.004
Current symptoms† 1.62 (1.29 to 2.04) <0.001 1.25 (0.93 to 1.68) 0.136 1.44 (1.14 to 1.81) 0.002 1.14 (0.88 to 1.48) 0.328
Known atopic disease ever* <0.001 0.268 0.042 0.073
1 vs none 1.28 (1.03 to 1.59) 1.20 (0.96 to 1.52) 1.23 (1.03 to 1.48) 1.27 (1.03 to 1.56)
2 or more vs none 1.85 (1.34 to 2.55) 0.97 (0.63 to 1.50) 1.28 (0.92 to 1.76) 1.10 (0.75 to 1.61)
Current symptoms of atopic disease* <0.001 <0.001 <0.001 0.339
1 vs none 1.48 (1.21 to 1.81) 1.52 (1.22 to 1.90) 1.39 (1.16 to 1.66) 0.90 (0.73 to 1.10)
2 or more vs none† 2.19 (1.61 to 2.97) 1.60 (1.08 to 2.38) 2.26 (1.69 to 3.02) 1.17 (0.82 to 1.67)
Primary carer’s education‡ <0.001 <0.001 <0.001 <0.001
Bachelor vs master 1.45 (1.12 to 1.87) 1.34 (1.01 to 1.77) 1.32 (1.07 to 1.64) 1.33 (1.01 to 1.75)
Vocational vs master 1.77 (1.34 to 2.32) 1.78 (1.32 to 2.38) 2.04 (1.62 to 2.55) 2.89 (2.21 to 3.78)
School vs master 2.13 (1.62 to 2.79) 2.39 (1.81 to 3.15) 1.95 (1.55 to 2.44) 4.87 (3.79 to 6.25)
Reference categories: known disease ever versus children without the atopic condition ever; current symptoms versus no current symptoms of the atopic condition. Reference level was 1.
*Analyses adjusted for gender, age and primary carer’s educational level.
†For children aged 3 years, current symptoms of hay fever could not be reported.
‡Analyses adjusted for gender, age and symptoms of atopic diseases.
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study and our study, they found no association with
hyperactivity problems.
Studies using other measurement tools have found
similar associations between asthma and mental health
problems.4 20 21 Unlike our results, two Korean studies
found no relation between internalising behaviour and
eczema, or externalising behaviour and any of the dis-
eases.8 9 This might be explained by their relatively
small samples, lack of adjustment for potential confoun-
ders or cultural differences between Korea and
Denmark.
Several hypotheses have been proposed to explain the
mechanisms causing or underlying the relationship
between atopic diseases and mental health problems.
Stress due to suboptimal family functioning or adverse
life events might be an underlying factor causing both
conditions. Also, attention deﬁcit hyperactivity disorder
(ADHD) increases stress level, which in turn may trigger
neuroimmunological pathways leading to eczema.26
Physical stressors such as prenatal smoking or inﬂamma-
tion could also be underlying or mediating factors.27–29
For example, inﬂammatory cytokines in eczema have
been proposed to interfere with central nervous systems
involved in ADHD.26 Parental mental health problems
increase the risk of smoking and may cause atopic dis-
eases in children who are already disposed to mental
health problems.2 Sleeping problems early in life could
be a mediator, as sleep is vital for brain development,
psychological development and functioning.28 Finally,
the impact of atopic diseases on quality of life and self-
esteem may cause mental health problems through
embarrassment at obvious symptoms and limited cap-
ability to engage in activities.30–33
An Australian study4 found atopic diseases to precede
behavioural problems but not behavioural problems to
precede atopic diseases, pointing towards the idea of a
causal relationship rather than a matter of confounding.
It may be argued whether the relatively small mean
increases in SDQ scores associated with atopic diseases
found in this study constitute a clinical problem. Yet the
odds of emotional, conduct and hyperactivity problem
scores above the abnormal cut-offs are increased by 39–
126% with current symptoms of one or two atopic dis-
eases. This indicates a considerably increased risk of clin-
ical mental disorders13 in children with atopic disease.
The difference in hyperactivity problems between chil-
dren with and without current symptoms of asthma was
larger in children with primary carers with short educa-
tion compared with long education. This may be a spuri-
ous ﬁnding as this pattern was not observed with any of
the other SDQ scales or atopic diseases. Hyperactivity
constitutes an obstacle to academic learning. We may
speculate that children with hyperactivity problems
are more likely to receive medication or other treat-
ment in families emphasising academic achievements.
Hyperactivity may not pose a similarly large problem,
and thus not be addressed to the same degree, in fam-
ilies placing less emphasis on book learning.
Study strengths and limitations
The strengths of this study include the large study popu-
lation with four birth cohorts from a relatively homoge-
neous, urban population in respect to geographical
characteristics, accessibility to healthcare free of charge,
and regular health examinations of children. Second,
our data came from a general health survey with no
special focus on atopic diseases, mental health problems
or SEP. Thus, participation was not likely to be affected
by our study focus. Third, SEP was based on complete
data from national registries, generally considered reli-
able and not subject to reporting bias. For self-report,
we used instruments validated in various populations
with good sensitivity, speciﬁcity and psychometric
abilities.13 15
Limitations include lack of information on parental
atopy or mental health problems as underlying factors.
Moreover, we were limited by the cross-sectional design
based on parent report or self-report of diseases and
symptoms. Imprecise measures are expected to result in
an underestimation of associations. Misclassiﬁcation not
at random could, however, also result in an overesti-
mation, if some persons were likely to over-report atopic
symptoms and mental health problems. We would then
also expect peer problems to be associated with atopic
symptoms, which we did not ﬁnd. Finally, the response
rate was higher among children from well-educated,
high-income families. Even though we weighted all ana-
lyses for non-response by detailed register information,
selection bias is still a possibility. This bias would be
expected to weaken the associations, as the study popula-
tion presents more homogeneously than the back-
ground population.
Conclusion and perspectives
Children with symptoms of eczema, asthma or hay fever
had higher scores of emotional, conduct and hyperactiv-
ity problems and were more likely to have abnormal
scores of emotional or hyperactivity problems, compared
with children without. Peer problems were only asso-
ciated with current hay fever symptoms. For most asso-
ciations, the burden of mental health problems due to
atopic diseases added equally to the burden of mental
health problems independent of parental SEP. Current
asthma symptoms were associated with higher scores of
hyperactivity problems among children with low com-
pared with high parental SEP, while known eczema only
was associated with conduct problems among children
with primary carers with high but not low education.
While treating these children, healthcare professionals
must be aware of comorbidity with mental disorders, as
well as the possibility of poor mental health ranging in
the ‘normal’ spectrum, calling for social or emotional
support. Routinely performed child health examinations
can play a key role in early detection of these disorders,
and thereby minimise the impact of physical illness and
poor mental health.
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